We discuss the effect of the recent change of V us by three standard deviations on the standard model predictions for neutron beta decay observables. We also discuss the effect the experimental error bars of V us have on such predictions. Refined precision tests of the standard model will be made by a combined effort to improve measurements in neutron beta decay and in strangenesschanging decays. By itself the former will yield very precise measurements of V ud and make also very precise predictions for V us .
I. INTRODUCTION
The precision measurements of the decay rate R and the electron-asymmetry α e in neutron beta decay (nβd) [1] and their further improvements in a near future provide an excellent opportunity to test the standard model (SM) [2] and even to establish deviations signaling new physics. However, the predictions for these observables are afflicted by our current inability to compute reliably the Cabibbo-Kobayashi-Maskawa (CKM) matrix element V ud and the leading form factor ratio λ = g 1 /f 1 . Both are better handled as free parameters to be determined from experiment. The theoretical predictions are then confined to a region in the (α e , R) plane or equivalently in the (λ, R) plane where the SM is expected to remain valid within a certain confidence level (CL), say 90%. This region may be referred to as the standard model region (SMR). At first, it may look as if the predictions of SM are severely limited by the experimental situation of R and α e . However, this is not the case.
In a previous paper [3] we showed that the SMR is determined by the validity of the formulas predicted by the SM for the observables in nβd and of the CKM unitarity. The size of the SMR depends on the theoretical uncertainties of such formulas and the experimental values of V us and V ub . Since such uncertainties in R and α e are substantially smaller than their experimental error bars, a much more narrow SMR can be predicted even when V ud and λ remain as free parameters. The predictions of SM are then greatly improved and it is these ones that are meaningful to compare with the measured R and α e .
Nevertheless, such predictions are indeed affected by the experimental values of V ub and V us . The former is quite precise already and its changes do not produce perceptible changes in the SMR. However, changes in V us do produce important changes in the position and size of the SMR. It is the purpose of this paper to extend the analysis of Ref. [3] and discuss the dependence of the SMR on the value of V us . This has become more pressing since recently [1] its experimental value increased by three standard deviations from the value available for the analysis of [3] .
In Sec. II we shall review the SM formulas for nβd observables and the method to determine the predicted SMR. In Sec. III we shall determine the changes in the SMR corresponding to the new value of V us . We shall also determine its position allowing for variations of up to three standard deviations of the present V us . The role of V us has another aspect, its precision affects importantly the size of the SMR. This will be studied in Sec. IV. A complementary analysis comes from the fact that precise measurements of R and α e will produce a precise determination of V ud . Assuming the validity of the unitarity of the CKM matrix, then nβd can make quite precise predictions for V us . We shall go into them in Sec. V.
The last section is reserved for discussions and conclusions.
II. DETERMINATION OF THE STANDARD MODEL REGION
The SM predicts for the decay rate of nβd the expression
at the level of a precision of 10 −4 . V ud and λ appear as free parameters. The detailed derivation of Eq. (1) is found in Ref. [4] . The main source of uncertainty in (1) Eq. (1) has also been discussed in Ref. [7] , where it was referred to as the master formula.
Although presented in a somewhat different form, one can readily verify that the result of this reference confirms Eq. (1). At the 10 −4 level the SM predicts for the electron-asymmetry the expression [8] α e = −0.2089 × 10 −3 + 0.2763λ − 0.2772λ
We have chosen a negative sign for λ to conform with the convention of [1] . The important remark here is that there is no theoretical uncertainty in α e at this level of precision. The reason for this is that the uncertainty introduced by Z 0 is common to the numerator and denominator of α e and cancels away at the 10 −4 level. It must be stressed that α e depends only on λ, so that the experimental determination of λ is independent of V ud .
The analysis that leads to Eq. (2) can be extended to the neutrino and electron-neutrino asymmetry coefficients. We shall not go further into this because it has remained customary to present experimental results for the old order zero angular coefficients [1] ,
Also, instead of presenting results for α e it is customary to give directly the value for λ, after all corrections contained in α e have been applied to the experimental analysis. Thus, the relevance of exhibiting Eq. (2) is to show that the experimental value of λ is free of theoretical uncertainties at the 10 −4 level.
Another very important constraint for our work here is the unitarity of the CKM matrix, which we shall use in the form
Given the experimental values of V ub and V us , the only free parameter in Eq. (5) is V ud .
The current experimental situation [1] for Eqs. . It is this last number that recently increased by three standard deviations from its previous value and whose effect on the SMR we are going to determine. The experimental situation of λ is at present ambiguous. Its four more precise determinations are
, λ L = −1.266(4) [10] , λ Y = −1.2594(38) [11] , and λ B = −1.262(5) [12] .
The last three are statistically compatible and produce an average λ LYB = −1.2624(24).
This average is not statistically compatible with the value λ A . Although one may quote an average of the four λ ALYB = −1.2695(15), one must remember that such an average is not a consistent one. Even so, it will still be interesting to discuss it.
To determine the SMR we shall form a χ 2 function with the six constraints Eqs. . This is an over constrained system of restrictions for three free parameters λ, V ud , and V us . This function is
The SMR is determined by minimizing χ 2 at a fine lattice of points (λ ′ , R ′ ) in the (λ, R)
plane. It will correspond to the 90% CL region in this plane. That is, within this region the SM may be expected to remain valid at the 90% CL.
The key element in the determination of the SMR is that σ R ′ and σ λ ′ are not limited to take their current experimental values σ R = 0.00102 × 10 −3 s −1 and σ λ around 0.0024.
We are at liberty to reduce them down to their theoretical uncertainty, namely, a few parts at 10 −4 . The theoretically predicted SMR will correspond to σ R ′ and σ λ ′ at approximately one-tenth of their current experimental counterparts.
In the next two sections we shall study the effects of V us on the determination of the SMR. Its central value will affect its position in the (λ, R) plane and its error bar will affect its width.
III. V us AND THE STANDARD MODEL REGION
We shall work within a rectangle of the (λ, R) plane. The side for λ will be To study the effect of V us upon the SMR we shall let its central value vary up to three standard deviations σ Vus = 0.0021 above and below its current central value V us = 0.2257.
The other three restrictions in (6) will be kept fixed at their current experimental values.
There is no need to present all the details of our numerical analysis. Our results are well illustrated by exhibiting three cases for the central value of V us , namely, 0.2194, 0.2257, and 0.2320 (the first one corresponds to the previous value of V us , the second one to its current value, and the third one allows for still another three-sigma increase of V us ). In each of these cases we use the liberty we have to choose the size of σ R ′ and σ λ ′ . The first choice for them is the corresponding experimental error bars 0.00132 and 0.0024. The resulting SMR could well be referred to as the "experimental" SMR. The second choice is to use one-tenth of these values, which as discussed in the last section is the theoretical SMR. And for the purpose of further discussion we use as a third choice one-hundredth of such values.
Our numerical results are given in Tables I, II , and III. The rows correspond to steps of one standard deviation in R ′ , λ 0 gives the corresponding position of the minimum χ 2 0 , the 90% CL ranges of λ ′ are given in the column headed by λ ′ . In each case the SMR is a band.
This can be visualized in the corresponding Figures 1, 2 , and 3.
To appreciate the variation of χ 2 within the rectangle in the (λ, R) plane we list its value at sample points in Tables IV, V , and VI. In these tables one can see how the SMR is narrowed as σ R ′ and σ λ ′ are reduced from their experimental values to one-tenth of them.
But, one also sees that reducing them further produces no significant narrowing any more. incompatible with the SM. Thus, either the SM is quite accurate and λ LYB will be eliminated or, if this λ LYB is confirmed in the future, nβd will produce strong evidence for not too far away new physics. Correspondingly, if λ A is confirmed in the future, the accuracy of the SM will be sustained and new physics will be farther away; so it will be harder to detect it in nβd. The above disjunctive is further strengthened if V us is measured still higher, as seen in Fig were confirmed and V us were further increased up to 0.2320. This possibility is illustrated in Fig. 3 (c) . Surprisingly, the inconsistent average λ ALYB is fully compatible with the SM at present, as seen in Fig. 2 
(b).
That arbitrarily reducing σ R ′ and σ λ ′ up to one-hundredth of their experimental counterparts produced no significant reduction of the SMR, as can be seen in Figs. 1 (c), 2 (c), and 3 (c), requires some detailed discussion. The reason for this can be traced to the individual contributions of R ′ , λ ′ , and V us to χ 2 of Eq. (6) . In this respect, we have produced Table VII .
It is sufficient to present the case of the central row in Table II , where V us = V exp us = 0.2257 and R = R exp = 1.12905 × 10 −3 s −1 , and the contributions to χ 2 at the border of the SMR, namely, the extremes of the corresponding ranges of λ ′ in Table II .
In the top part of Table VII . One may conclude that the potential of the SM prediction at 1/10 of the experimental errors on R and λ cannot be reached, because of the current uncertainty on V us . In other words, even if the experimental precision in nβd were to be greatly improved in the near future, the comparison with the SM predictions will be severely limited by the experimental precision of V us .
Let us next study in detail the effects of improving the precision of V us .
IV. THE PRECISION OF V us AND THE STANDARD MODEL REGION
nβd cannot provide a better test of the SM even if the error bars on R and λ and the theoretical uncertainty in Eq. (1) were to be reduced beyond one-fifth. As seen in the previous section, the limitation comes from the error bars on V us . The central value of V us does shift the position of the SMR, but it is reducing σ Vus that will improve the width of the SMR.
To see this we have reproduced the SMR assuming σ Vus is cut to one-tenth of its current value, that is σ Vus = 0.00021, and assuming the central value to be at three places, V us = 0.2194, 0.2257, or 0.2320. Of course this last is only an assumption, all we can say as of now is that such central value will fall at 90% CL somewhere within the band of Fig. 2 (b) .
The corresponding numerical results are summarized in Tables VIII, IX , and X for χ Tables XI, XII , and XIII. In each row of these six tables the upper, middle, and lower entries correspond to σ R ′ and σ λ ′ at σ R and σ λ , at σ R /10 and σ λ /10, and at σ R /100 and σ λ /100, respectively. Notice that the numerical values of χ 2 0 and λ 0 are practically the same in Tables I and VIII, II There is a systematic feature in Tables I-III and Tables VIII-X , the value of χ 2 0 is always around 2.90. The reason for this is found in Table VII , the contribution of the neutrino asymmetry B 0 to χ 2 is always around 2.70. This is a 1.6 standard deviations from the SM prediction. It is not significant and we shall not discuss it further.
It is clear that the ability of nβd to test the SM is intimately connected with the precision to determine V us in strangeness-changing decays.
V. PREDICTIONS OF V us FROM NEUTRON BETA DECAY
A precise determination of V us in strangeness-changing decays may take longer than precise measurements of R and α e or λ. nβd may provide a better determination of V us via the unitarity of the CKM matrix, once the former produce a precise measurement of V ud . This is a complementary way to appreciate the results of the last two sections.
First, let us look into the current determination of V ud . The ambiguity in λ leads to an ambiguity in the experimental value of V ud . One has correspondingly two incompatible values for V ud , namely,
and
One may also quote the third, albeit inconsistent, value
Although, not yet satisfactory, one can already see that the error bars are competitive with V ud determined from other sources [1] . Also, within the validity of the SM, these values are accompanied by
Again, even if not satisfactory, the error bars are becoming competitive with V us determined from other sources [1] .
Let us match Eqs. (10)- (12) with the value of V us from K l3 decays (which was used in the previous sections), namely,
It is convenient to produce the 90% CL ranges that correspond to these V us values. They 
One can readily see that range (14) is below (17) and there is no overlap between them at all. Range (15) is above (17) and there is a small overlap between the two. Contrastingly, range (16) fully contains range (17). These comparisons correspond to the overlapping or lack of it of the 90% CL ellipses with the SMR exhibited in Fig. 2 (b) .
Also, they indirectly exhibit the current experimental problem in the determination of λ. Ranges (14) and (15) The main result that can be seen in this table is the size of the error bars of V ud and V us . σ V ud is reduced to around 0.0002, which is between 1/5 and 1/6 of the error bars of Eqs. (7)- (9) . σ Vus is reduced to around 0.0008, which is between 1/2 and 1/3 of the current error bar of 0.0021 of Eq. (13). Clearly, once nβd produces a consistent value for V ud its potential precision will improve substantially over its determination from other sources. Assuming CKM-matrix unitarity, its accompanying value for V us will improve over its current determination from strangeness-changing decays and may remain so for sometime.
This value will be useful in calculations that assume the validity of the SM and in coming tests of the unitarity triangle. A direct comparison with the independently improved future determinations of V us from strangeness-changing decays will readily indicate if signals of new physics are present or not.
VI. SUMMARY AND DISCUSSION
nβd data and K l3 data are two sets of independent data and each one by itself cannot test the SM. So, it is not a question of whether the former is compatible with the latter.
Only using the two sets simultaneously can provide tests on the SM and the question is if their simultaneous use is compatible with the SM assumptions. Such compatibility can be fully seen through the overlap of the 90% CL ellipses around precise experimental determinations of R and λ with the band of the SMR, which requires precise V us determinations in strangeness-changing decays and in particular in K l3 decays. The non-overlapping of these two regions would give signals of physics beyond the SM.
The current potential of nβd to discover new physics is seen in the overlap of the 90% CL regions around λ A and λ LBY with the theoretical SMR in Fig. 2(b) . The recent change of three standard deviations in V us can be appreciated in the shift of the SMR from Fig. 1(b) to Fig. 2 When this occurs, nβd combined with strangeness-changing decays will provide very severe tests of the SM and may detect new physics which for whatever reason is very far away.
(b). This shift is towards λ
Before the above situation occurs, nβd may produce a prediction for V us via the unitarity of the CKM-matrix. Such a prediction may be useful, while the experimental V us remains at its current value, in calculations that assume the validity of the SM and in other tests of the SM through the unitarity triangle. Also, even if nβd data are independent of K l3 data, this prediction of V us with nβd data may appear to be incompatible with the measurement of V us in K l3 . This apparent incompatibility of nβd and K l3 decays would provide a quick indication of the necessity to go beyond the SM.
Even if the present situation in nβd is not satisfactory, ideally, in the future the combined effort of reducing the theoretical and experimental error will produce a SMR close to a line, as can be seen in Figs. 4 (c)-6 (c). Difficult as this task may seem, it does show the potential low energy physics has to test the SM. ) and its corresponding value of λ (λ 0 ) for six values of R (which change in steps of one σ R ). In each row the upper, middle, and lower entries correspond to the size of error bars of R and λ discussed in the text. The 90% CL ranges for λ are displayed in the last column. V us is assumed to be at V exp us , with σ Vus = 0.0021. ) and its corresponding value of λ (λ 0 ) for six values of R (which change in steps of one σ R ). In each row the upper, middle, and lower entries correspond to the size of error bars of R and λ discussed in the text. The 90% CL ranges for λ are displayed in the last column. V us is assumed to be at V exp us + 3 σ Vus , with σ Vus = 0.0021. Table I 
